The literature indicates that obstructive sleep apnea (OSA) increases the risk of ischemic stroke. However, the causal relationship between OSA and ischemic stroke is not well established. This study examined whether preexisting OSA symptoms affect the onset of acute ischemic stroke.
INTRODUCTION
Obstructive sleep apnea (OSA) is a recently identified risk factor for stroke, which is important since the condition is both highly prevalent and treatable. The recent revised stroke prevention guideline provided new recommendations for secondary stroke prevention as well as commenting on sleep apnea. 1 However, it remains unclear whether the relationship between OSA and stroke is causative or merely a correlation. The association between OSA and stroke is often explained by the sharing of common comorbid conditions such as hypertension, diabetes mellitus, dyslipidemia, obesity, and atrial fibrillation, which are wellestablished stroke risk factors. Although more recent studies showed that OSA is an independent risk factor for stroke, 2,3 these studies were not designed to identify the pathophysiologic mechanism linking OSA to stroke. Moreover, whether treating OSA decreases the risk of incident stroke also needs remains to be clarified. 4 If OSA is a direct triggering factor for stroke, stroke might occur more frequently during sleep in people with OSA. Stroke occurring during sleep or wake-up stroke (WUS) reportedly constitute 13.5-38.9% of cases of ischemic stroke. [5] [6] [7] [8] [9] [10] [11] [12] [13] Patients who wake up with stroke symptoms are often not eligible for thrombolytic therapy, since administering IV tissue 
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plasminogen activator is restricted to 4.5 hours following the onset of stroke symptoms. Some studies found that WUS patients had a greater initial stroke severity and were more likely to experience a poor outcome, 5, 9 while many studies have found that risk-factor profiles do not differ significantly between WUS and non-WUS. There are several reports of dyslipidemia being more frequent in WUS. [13] [14] [15] Lower blood pressure was suggested as a risk factor for WUS, 11 but this finding has not been replicated in other studies. Four 12, [15] [16] [17] of six [11] [12] [13] [15] [16] [17] studies that assessed OSA as a stroke risk factor found that habitual snoring or a higher apnea-hypopnea index in poststroke polysomnography (PSG) was more frequent among WUS patients (Supplementary Table 1 in the online-only Data Supplement). However, poststroke PSG cannot be used to diagnose preexisting OSA due to the high prevalence of new-onset OSA following acute stroke. Based on the above-mentioned considerations, the present study examined whether preexisting symptoms of OSA are associated with the occurrence of WUS.
METHODS
We consecutively evaluated adult patients who were admitted with acute ischemic stroke in Gangwon Comprehensive Stroke Center (CSC) in Kangwon National University Hospital between December 1, 2013 and April 30, 2015. Gangwon CSC is 1 of 11 regional CSCs in South Korea, and it covers the Gangwon province. This center was established in 2009 with support from the Ministry of Health and Welfare.
We included patients with acute ischemic stroke presenting via the emergency room (ER) within 7 days from the stroke onset. Patients were excluded if they had experienced a transient ischemic attack and hemorrhagic stroke. We also excluded those in whom the ischemic stroke occurred during hospitalization or if the patient was admitted via an outpatient clinic, since the intake interview could be standardized only when the patient initially presented to the ER. We used a standardized protocol to collect clinical information associated with stroke, laboratory findings, and preexisting symptoms of OSA. Patients or their caregivers were asked to provide a careful description of the situation and timing of stroke onset. The strokes were classified into WUS and non-WUS based on the time of stroke onset, where WUS was defined as the symptoms being recognized upon awakening by a witness or by the patient, and non-WUS was defined as the symptoms being recognized while performing daily activities. The strokes were categorized into the following subtypes using the Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria: large-artery atherosclerosis, cardioembolism, small-vessel occlusion, other determined etiology, and undetermined etiology. The routine workup for acute ischemic stroke was performed using brain CT, MRI, carotid ultrasonography, and transthoracic echocardiography. Selected patients underwent 24-hour Holter monitoring and transesophageal echocardiography when embolic infarction was strongly suggested and the source could not be found using the aforementioned routine tests.
The presence of OSA symptoms prior to the stroke was assessed by applying the Korean version of the Berlin Questionnaire 18 to either the patient or caregiver. All questionnaires were administered by a single interviewer affiliated to Gangwon CSC while being blinded to clinical information, including the stroke onset time. This questionnaire comprises 11 questions grouped into 3 categories. Category 1 consists of five questions covering snoring, witnessed or self-recognized apnea, and the frequency of such events. Category 2 consists of four questions on daytime sleepiness; we modified the question "Have you ever fallen asleep while driving?" to "Have you had trouble staying awake while driving, eating meals, or engaging in social activity?" because most of the patients answered "I don't drive" in our pilot study. Category 3 consists of two questions concerning blood pressure and body mass index (BMI). Patients were considered to be at a high risk of sleep apnea when they conformed with at least two symptom categories. 19 Statistical analysis was used to compare the demographic and clinical variables between WUS and non-WUS patients. The chi-square test or Fisher's exact test was used for categorical variables, while the independent t-test was used for continuous variables including age, cholesterol, and BMI. Multivariate logistic regression analysis was used to assess the association between witnessed or self-recognized sleep apnea and WUS. The model was adjusted for potential confounders including sex, age, history of prior stroke, hypertension, diabetes mellitus, smoking, hypercholesterolemia, and atrial fibrillation. We did not include obesity in the model due to the presence of a prior strong correlation with sleep apnea and BMI not differing significantly between WUS and non-WUS patients. For multivariate analysis, age was categorized to three groups of <60, 60-75, and >75 years, while hypercholesterolemia was considered to be present when total cholesterol was higher than 240 mg/dL.
The Statistical Package for Social Sciences (version 21 for Windows, IBM Corp., Armonk, NY, USA) was used for the statistical analyses. All reported p values are two-tailed, with p< 0.05 defining the presence of statistical significance.
The study was approved by the Institutional Review Board of Kangwon National University Hospital (KNUH-2016-03-007-001).
RESULTS
In total, 298 patients with acute ischemic stroke met the inclusion criteria. We could not obtain answered questionnaires for 21 patients because 12 had severe medical complications, 7 were transferred to other hospitals on the day of admission, and 2 patients had severe aphasia and no caregiver. Seventeen of the remaining 277 patients were excluded because the stroke onset could not be categorized into either WUS or non-WUS. Finally 260 patients were included in the final analysis: 67 (25.8%) in the WUS group and 193 (74.2%) in the non-WUS group (Fig. 1) . The informants for the Berlin Questionnaire were the patients in 81 (31.2%) cases, cosleepers in 67 (25.8%) cases, and other family members in 112 (43.1%) cases. There were positive replies to Category 1 questions on snoring and apnea in 83 (31.9%) patients, to Category 2 questions on excessive daytime sleepiness in 21 (8.1%) patients, and to Category 3 questions on obesity and hypertension in 150 (57.7%) patients. Overall, 59 (22.7%) patients were considered at a high risk of sleep apnea based on the number of positive signs/symptoms in the different categories.
The clinical characteristics of the WUS and non-WUS patients are compared in Table 1 . Witnessed or self-recognized sleep apnea was significantly more common in WUS Table 2 ).
DISCUSSION
We found that sleep apnea prior to stroke was associated with WUS. This suggests that OSA not only influences chronic changes that predispose patients to stroke but also produces more acute changes directly resulting in stroke. Treating OSA might therefore be beneficial in preventing stroke, even in elderly patients with long-standing disease. Plausible mechanisms for OSA-associated ischemic stroke include the immediate effect of hypoxia, decreased cerebral blood flow, and the paradoxical embolism induced by apnea events, plaque disruption associated with vibration, and hypercoagulability that have been noted in OSA patients. 20, 21 Our finding that the incidence of stroke while awake was higher in those with atrial fibrillation supports the traditional idea that embolic stroke is more likely to occur while active. 22 In agreement with a few previous studies, the initial NIHSS score at admission was higher in WUS than in non-WUS. This could be due to not only the delay in detecting and treating stroke, but also being in a worse condition such as decreased systemic blood pressure or lower cerebral blood flow, or hypercoagulability during sleep. [23] [24] [25] The association between OSA and WUS is more meaningful in this regard.
Our study was subject to some limitations. The study had a cross-sectional design and the questionnaire was the only way to identify the presence of OSA symptoms preceding the onset of stroke, because poststroke PSG does not indicate preexisting OSA. Classifying a high versus a low risk of sleep apnea based on the category scores of the Berlin Questionnaire was reported to have low validity in the elderly, mainly due to hypertension being highly prevalent and the difficulty of assessing sleepiness in the elderly. Simply using Category 1 on snoring and apnea was more valid than using a high/low classification, 26 supporting our results that WUS was associated with the presence of apnea rather than a high-risk classification. Witnessed sleep apnea had a high specificity and low sensitivity for significant OSA confirmed by PSG, whereas snoring had a high sensitivity and relatively low specificity. 27 Despite the validity issues, the prevalence of OSA symptoms in our study was comparable to the prevalence of PSGconfirmed OSA in a previous study performed in Korea. 28 While our study was conducted in a single center, Kangwon National University Hospital is a teaching hospital that provides advanced specialty care and has a large catchment area that encompasses the province with easy access for patients. We therefore consider the data from a model to be less biased. However, the findings of this study need to be confirmed in larger-scale prospective cohort studies that apply PSG to evaluate underlying OSA and long-term follow-up in order to detect the occurrence of stroke and stroke onset time.
In conclusion, preexisting symptoms of OSA were associated with the occurrence of WUS. This result has highly practical implications for preventing WUS and provides insight into the mechanism underlying how OSA influences the incidence of stroke.
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